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Abstract 
This study aims to analyze a renewable proton exchange membrane PEM fuel cell system, by dividing it into four subsystems 
(PEM fuel cells as the main power source, PEM electrolyser as hydrogen producer, photovoltaic modules as the renewable 
source that supplies the electrolyser, and hydrogen tank). Then, a mathematical model of each subsystem is simulated in 
MATLAB to get the operational curves, which are used to design a 1 kW fuel cell system starting with calculating the amount of 
hydrogen needed by the fuel cells to work continuously, then the size of the water electrolyser used to produce this hydrogen, and 
the energy needed for electrolysis process. Then, estimating the enough power of the PV modules to provide this energy, 
according to the solar irradiance in Damascus city, and finally determine the size of hydrogen tank used to store the extra 
necessary hydrogen to keep fuel cells supply uninterrupted power among the whole year.  
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD). 
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1. Introduction: 
Fuel cell FC systems are divided into two types according to the source of its fuel. Accordingly, if the fuel comes 
from techniques depend on fossil fuel, like natural gas steam reforming or coal gasification, then the system is 
considered a greenhouse gases GHGs emitter such like traditional sources, while if the fuel is produced without 
GHGs, like using renewable sources to electrolyze water, then it is considered as a renewable fuel cell system. 
However, FC system is an energy provider system, which combines between giving energy as long as there is fuel, 
and the quiet operation as it does not have basically any moving parts. This renewable system is analyzed into four 
subsystems: fuel cells, electrolysers, PV system, and finally H2 storage tank, and modelled as follow. 
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2. PEM fuel cell system: 
There are different types of fuel cells, which differ by the electrolyte, operation temperature, electrodes, and 
using precious catalysts. Proton exchange membrane fuel cell PEMFC is chosen in this study because of its low 
operational temperature between 70 and 100 oC, high power densities up to 2 W/cm2, solid membrane, long life, and 
because it is the most commercially spread type. The energy obtained by fuel cell comes from the thermodynamic 
energy appeared during the electrochemical reactions inside the cell. Basically, this energy comes from the 
exothermic reaction of water composition from H2, and O2: [1] 
H2 + ½O2                        H2O + Energy 
This energy is called the enthalpy of formation ∆H=-285.84 kJ/mol (referred to as higher heating value HHV 
when the water is in liquid form), which can be divided into thermal energy, represented by specific entropy ∆S 
kJ/mol.K, multiplied by operational absolute temperature T, and useful work called Gibbs free energy ∆G kJ/mol, 
which can be extracted as electrical energy, but ∆G is limited by the second law of thermodynamic. So, the total 
energy is: [1]  
∆H= ∆G + T. ∆S     (1) 
Where ∆G is the electric work, which is defined as the electric charge Q [coulombs] across electric potential E [V]: 
∆G= -Q.E        (2) 
Where Q is the number of electrons’ moles n, (which released from anode electrode reactions n=2), multiplied by 
electron charge (Faraday constant F=96485 coulombs), then ∆G defined as follow: 
∆G= -n.F.E       (3) 
The values of ∆G, ∆H, and ∆S are negative because the reaction is exothermic (gives energy). So, the potential 
given by the fuel cell can be calculated as follow: 
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This value must be adapted to get the effects of the changes in operational temperature, and partial pressures of 
reactants and products from its reference value (Tref= 25 oC, Pref= 1 atm). The effect of changing temperature on 
potential is calculated by considering that ∆H, and ∆S are constant as follow: [1] 
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 It can be seen that when increasing the temperature the potential is going to decrease because ∆S=-164 J/mol.K is 
negative. 
Now, the changes in partial pressures affect ∆G, which is function to the specific volume V [m3/mol] and to the 
change in pressure dP (as G=V.dP), and the final equation, that represents this relation (depending on the universe 
gas law V=R.T/P) is: [1] 
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Where ∆Go= 237.17-  kJ/mol is Gibbs free energy in the standard condition, and R gas constant 8.3143 J/mol.K. This 
equation assumes that the cell is working on pure H2 with pressure PH2 as fuel, and pure O2 with pressure PO2 as 
oxidant, and by knowing that to form one mole of water with pressure PH2O (the product), we need one mole of H2 
and half mole of O2 (the reactants). So, the electric potential of the cell is given by: [2] 
 Waseem Saeed and Ghaith Warkozek /  Energy Procedia  74 ( 2015 )  87 – 101 89
 ൌ െ
ο
୭
Ǥ 	
൅
ο
Ǥ 	
ሺ െ ୰ୣ୤ሻ ൅
Ǥ 
Ǥ 	
 ቆ
୓మ
଴ǤହǤ ୌమ
ଵ
ୌଶ୓ଵ
ቇ 
= ͳǤʹʹͻ െ ͲǤͺͷ כ ͳͲିଷሺ െ ʹͻͺǤͳͷሻ ൅ ͶǤ͵Ͳͺͷ כ ͳͲିହ כ  כ ሾுଶ כ ௢ଶ଴ǤହȀୌଶ୓ሿ      (7) 
This is called Nerst equation. This value is the maximum voltage that the cell can give, because there are losses 
or over potentials, which can be divided into four types:  
2.1. The activation loss: 
This loss is considered as the ignition spark that must be given to start the reactions. It depends on the 
temperature, the partial pressures, and the catalyst used on the electrodes, and it is given by a semi empirical 
equation: [3] 
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Where ξi are parametric coefficients, iFC is the cell current, and CO2 is the oxygen's concentration mol/cm3 on the 
catalytic interface which equals: 
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2.2. The ohmic loss: 
This loss represents the resistance of the membrane (which is affected by the level of membrane hydration), and 
the resistance of connections between the electrodes and the interface with the membrane from one side and with the 
external circuit from the other side. So, this loss is given by: [4] 
Lohm= iFC*(Rm+Rc)         (10) 
Where Rc is the constant part of cell’s resistance, and Rm depends on the temperature and on a parameter Ψ which 
represents membrane hydration level (takes the value 14 if the membrane is fully hydrated and 23 if the membrane 
is over saturated), and Rm is given by: 
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Where l is the membrane thickness, A the cell active area cm2, ρm specific membrane resistance Ω.cm which is: 
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2.3. The concentration loss: 
It is also called mass transportation loss, which represents the limit of reactants mass transfer. Although, 
supplying reactants at higher rates gives more current density from the cell, there are limits for these rates and 
beyond them the reactants cannot be used properly, and considered lost. So, this limit is determined by a limiting 
current density iL, which is the maximum current density that can be driven from the cell, and it is about 1500 
mA/cm2. So, this loss is given by: [5] 
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i the current density driven from the cell mA/cm2. This loss is too small at lower current density, and it can be even 
neglected. 
2.4. The cross over loss: 
This loss comes from crossing hydrogen and electrons over the membrane (which should resist that), without 
doing any useful work. The effect of this lost can be considered by adding current density in to the current density in 
the last losses equations. However, in is often neglected, because of its small value.[6] 
Now, we can obtain the equation that defines the fuel cell voltage as: [7] 
VFC= E – Lact – Lohm – Lcon       (14) 
2.5. PEMFC model: 
By using the equations (7) (8) (10) (13) (14), and writing a program using MATLAB, we can plot the 
polarization curve (V-I curve), and power density curve (P-I curve) of the cell, after using the parameters’ values 
from Table.1. The results were as in Fig.1 and Fig.2 respectively: 
 
Figure. 1.  PEM Fuel Cell Polarization Curve 
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Figure. 2.  PEM Fuel Cell Power Density Curve 
Table. 1. The FC's parameters [9] 
Parameter Value Parameter Value 
T 343 K B 0.016 
A 50.6 cm2 ξ1 -0.948 
l 178 μm (Nafion 117) ξ2 0.00286+0.0002ln(A)+ 4.3810-5.ln(CH2) 
PH2 1 atm ξ3 7.6 .10-5 
PO2 1 atm ξ4 -1.93. 10-4 
PH2O 1 atm Ψ 23 
Rc 0.0003 Ω il 1500 mA/cm2 
From these figures, it is obvious that there is a point where the cell gives its maximum power density, which is 
obtained by driving 1.4 A/cm2 from the cell, under 0.43 V as shown in Figure.1. 
2.6. The flow rates of reactants and product: 
The reactions that happen on the electrodes and the overall reaction are: [8] 
 On the anode:                                      H2              2H+ + 2e- 
 On the cathode:           1/2O2 + 2H+ + 2e-             H2O                       
 H2O               1/2O2  +Overall reaction:                    H2 
From the overall reaction, to form one mole of water, one mole of H2 and half mole of O2 are needed, in addition 
to the movement of two electrons. So, for FC system (with power P, consists of N cells each cell gives potential VFC 
and current I), the production rate of water equals the utilization rate of H2, which in turn equals two times the 
utilization rate of O2 as follow: [9] 
UO2 = N*I/ 4F= P/(4.F.VFC)  [mol/s] 
                       = 8.2914*10-8*(P/ VFC)  [Kg/s]          (15) 
UH2 = N*I/ 2F= P/(2.F.VFC)  [mol/s] 
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                       = 1.047*10-8*(P/ VFC)  [Kg/s]            (16) 
PH2O = N*I/ 2F= P/(2.F.VFC)  [mol/s] 
                         = 9.328*10-8*(P/ VFC)   [Kg/s]          (17) 
 
3. PEM electrolyser: 
The principle of electrolysers is almost the same as fuel cells, but the reaction is in the opposite way. So, here the 
water is splitted into hydrogen and oxygen by giving energy (the reaction is endothermic): 
H2O + Energy                 H2 + ½ O2 
As in fuel cells this energy is the change of enthalpy ∆H, but this time it can come from both electrical ∆G and 
thermal T.∆S energies, or only from electrical energy then ∆G=∆H. The voltage that must be applied to the 
elecrtolyser cell (EC) is: [10] 
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Here, there is no minus sign, because this time ∆G, ∆H, ∆S are positive as they must be supplied. Like in fuel cells, 
the effects of temperature and partial pressures must be added, and then the EC potential would be: 
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By considering that the energy needed is coming from an electrical source only it would be: 
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Here from the reaction the water is the reactant and H2, O2 are the products. This value is the minimum voltage that 
must be applied on the EC, but there are losses (over potentials), that must be compensated by raising the voltage 
value to overcome them and to start producing hydrogen. The EC losses are the same as FC: 
3.1. Activation loss: 
It is given by Tafel equation: [11] 
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Where (R.T/α.n.F) is Tafel’s slope, α is the electrons transfer coefficient, which varies between 0 and 1 and it is 
often 0.5 for electrochemical reactions, io is the exchange current density where this loss becomes zero and is given 
by 1.08*10-7*exp10.086*T. 
 
3.2. Ohmic loss: 
Also, this loss occurs because of the resistance of membrane, but this time it is given by: [12] 
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Where i is the current density, tmem is the membrane’s thickness, σmem the conductivity of the membrane and is given 
by: 
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Where λmem represents membrane’s hydration and takes the value: 
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Where a is the membrane water activity, and in a PEM electrolyser the membrane always operates under almost 
100% humidification, so a=1. 
 
3.3. Concentration loss: 
It is given by the same equation in fuel cells: [13]  
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But, here iL is the maximum current density that can be supplied to the EC, so it reflects the maximum production 
rate allowed by the electrolyser. 
 
Now, the voltage that must be applied to the EC is: 
VEC= E + Vact + Vohm + Vconሺʹͷሻ 
The efficiency of the electrolyser is given from the voltages by dividing the minimum voltage (∆H/n.F=1.48 V at 
higher heating value HHV +285.84 kJ/mol), on the operational voltage: [14] 
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3.4. PEMEC model: 
By using equations (19) (20) (21) (24) (25) (26), and by writing MATLAB program with parameters values from 
Table.2, we can plot the polarization curve (V-I curve) and the efficiency curve of the EC like in Fig.3 and Fig.4 
respectively: 
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Figure. 3. PEM Electrolyser Cell Polarization Curve 
 
Figure. 4.  PEM Electrolyser Cell Efficiency Curve 
Table. 2.  EC parameters [12] 
Value Parameter Value Parameter 
2 A/cm2  iL 343K  T 
100 cm2 A 1 a 
2 n 1atm PO2 
50 μm tmem 1atm PH2 
0.3 α 1atm PH2O 
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It can be seen that the EC is working with efficiency from 60 to 85 %, and to get 80% efficiency the EC must 
withdraw 0.6 A/cm2 by applying 1.85 V on the EC. 
3.5. The flow rates of reactants and product: 
The reactions that happen on the electrodes and the overall reaction are like: 
On the anode:                    H2O              ½O2 + 2H+ + 2e-                
On the cathode:        2H+ + 2e-              H2 
 Overall reaction:              H2O              ½O2  + H2 
From the overall reaction, by splitting one mole of water, one mole of H2 and half mole of O2 are produced, in 
addition to the movement of two electrons. So, for system consists of N cells, the utilization rate of water equals the 
production rate of H2 which is two times the production rate of O2 as follow: [15] 
UH2O=PH2 =2* PO2 =N.I/ 2F =P/ (2F*VEC)     [mol/s]    (27) 
PH2 = 1.047*10-8*(P/ VEC)       [Kg/s]          (28) 
PO2 = 8.2914*10-8*(P/ VEC)       [Kg/s]          (29) 
UH2O = 9.328*10-8*(P/ VEC)       [Kg/s]          (30) 
4. Photovoltaic system: 
As mentioned before, the electrolyser needs electric energy, this energy could come from nuclear reactor, the 
grid, or renewably from solar or wind energy. In this study PV system is used to supply the electrolyser. The basic 
component of a PV system is PV cell which is represented by current source and formed by combining two doped 
semiconductors to get a p-n junction, which gives current by extracting photons’ energy from the sun, and use it to 
release electrons from the junction, these electrons pass through external circuit to give electric energy. So, the 
equivalent circuit of a PV cell could be described as in Fig.5: [16] 
 
Figure. 5.  Equivalent circuit of a Photovoltaic cell 
Where Rs and Rsh are the series and shunt resistances respectively, which reflect the losses inside the cell and 
externally with the interconnects. The current produced by the cell is given by: [17] 
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where I the current driven from the cell, ILG maximum lighting current, IOS dark saturation current, q electron's 
charge, V cell voltage, k Boltzmann's constant 1.38*10-23 [J/K], T cell's temperature. 
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Where TR reference temperature 25 oC, EGO band gap voltage 1.1[ev], A diode ideality factor, IOR saturation current 
2.0793*10-6[A]. 
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Where ISCR short current at standard conditions, C the solar radiation power kW/m2, K current thermal coefficient 
0.0017 A/K.   
4.1. PV cell model: 
By using the above equations, and by writing a program with MATLAB using cell parameters from Table.3, we 
can plot I-V and P-V curves as in Fig .6: 
 
Figure. 6.  Current-Voltage and Power-Voltage curves of a Photovoltaic cell 
Table.3.  PV cell parameters  
Value Parameter Value Parameter 
4.75 A Isc 1.6 A 
0.6 V VOC 298 K T 
1 kW/m2 C 298 K Tref 
30 Ω Rsh 15*10-3 Ω Rs 
 
5. Hydrogen storage system: 
PV system gives energy as long as there is solar radiation. So, to ensure the continuous work of a fuel cell 
system, hydrogen must be stored to give the necessary fuel when there is no more solar irradiance. There are 
different storing methods where the hydrogen is stored as compressed gas, liquid by freezing it below 22 K (-251 
oC), or solid by combine it with specific metals. In this study the hydrogen would be stored as compressed gas in 
cylinders (which are constructed with a 6-mm-thick aluminum inner liner, wrapped a composite of aramide fiber 
and epoxy resin), because it is simple, has unlimited storage time, and is not affected by H2 impurities [18]. So, a 
compressor is needed, and the energy required for the compression process depends also on thermodynamic 
equation ΔG= ΔH-T.ΔS between two states as follow: [19] 
state1:  S1=15.472 cal/mol.K ,   h1=1003 cal/mol ,  P1= 1 atm  ,    T1=300 K 
state2:  S2=4.35 cal/mol.K ,   h2=1033 cal/mol ,  P2= 238 atm  ,    T2=300 K 
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Then the energy required to compress 1 kg of hydrogen equals: 
ΔG= (h2-h1) – T.(S2-S1)     (34) 
W= ΔG= 1.931 [kWh/kg] 
6. The design of the whole system: 
After modeling and analyzing the subsystems, the value of each one must be determined to conclude this study. 
First, determining the FC system power, by assuming that the system is feeding 1kW electric base load (it works 
continuously 24 hours a day), which means the energy required from the FC system equals 24 kWh/day. Now, we 
need to determine the operational point, from the model of FC and by considering the partial pressures of the 
hydrogen, water and oxygen equal 1 atm, and with 70 oC operational temperature, the power density curve of the 
cell is like in Fig.2, and as mentioned the cell gives its maximum power density when driving 1.4 A/cm2 from it, and 
could be achieved when the cell gives 0.43 V as in Fig.1. 
Now, we can calculate the amount of hydrogen required from Eq. (16) which equals: 
UH2 = 1.047*10-8(P/ VFC) = 1.047*10-8*(1000/0.43) 
=2.435*10-5 [Kg/s] 
=2.435*10-5 [Kg/s] *3600[s/h] *24[h/day] =2.104 [Kg/day] 
After that, we must determine the amount of energy needed by the electrolyser to produce this amount of 
hydrogen. By assuming that the EC is working with 80% efficiency, and as mentioned it is achieved when the EC 
drives 0.6 A/cm2 and by applying 1.85 V on it. Now, we can calculate the energy required by the electrolyser to 
produce the daily demand of hydrogen as follow: 
PH2 = 1.047*10-8*(EEC/ VEC) 
2.104=1.047*10-8*(EEC/ 1.85) 
EEC=371.767*106  [W.s] 
=103.268 [kWh] 
this energy is supplied by the PV system, and to determine the power of this system we must know the solar 
irradiance values in the design location, this study considers Damascus city, and Table.4 shows the average values 
of the radiations kWh/m2 (or peak sun hour PSH) among the year, with different tilt angles, (this table is determined 
by the Energy Researches' Center in Damascus). 
Table. 4.  Solar radiation among the year in Damascus city [20] 
Angle Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
0 2.27 2.84 3.99 5.56 6.61 7.49 7.51 6.79 5.57 3.98 2.74 2.12 4.789 
5 2.434 2.985 4.116 5.642 6.602 7.421 7.47 6.858 5.748 4.203 2.946 2.292 4.893 
10 2.585 3.116 4.221 5.694 6.563 7.319 7.393 6.888 5.894 4.403 3.137 2.451 4.972 
15 2.723 3.23 4.305 5.716 6.491 7.182 7.28 6.881 6.005 4.578 3.311 2.598 5.025 
20 2.847 3.328 4.365 5.707 6.388 7.011 7.131 6.836 6.081 4.727 3.466 2.731 5.052 
25 2.955 3.408 4.403 5.668 6.252 6.807 6.946 6.752 6.122 4.849 3.602 2.849 5.051 
30 3.046 3.47 4.417 5.599 6.086 6.57 6.727 6.632 6.126 4.942 3.717 2.951 5.024 
35 3.121 3.513 4.407 5.5 5.891 6.303 6.474 6.474 6.095 5.007 3.811 3.037 4.969 
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40 3.179 3.537 4.374 5.373 5.667 6.007 6.19 6.282 6.028 5.042 3.883 3.105 4.889 
45 3.218 3.542 4.319 5.217 5.417 5.686 5.878 6.055 5.925 5.048 3.931 3.155 4.783 
50 3.239 3.528 4.24 5.034 5.142 5.34 5.539 5.797 5.789 5.024 3.957 3.187 4.651 
55 3.242 3.495 4.139 4.826 4.846 4.975 5.177 5.509 5.618 4.971 3.96 3.2 4.496 
60 3.226 3.443 4.017 4.595 4.53 4.593 4.795 5.193 5.416 4.888 3.939 3.195 4.319 
65 3.192 3.373 3.875 4.342 4.198 4.197 4.397 4.852 5.183 4.777 3.895 3.172 4.121 
70 3.14 3.284 3.713 4.069 3.853 3.794 3.987 4.49 4.922 4.638 3.828 3.129 3.904 
75 3.07 3.179 3.533 3.779 3.498 3.388 3.57 4.109 4.633 4.473 3.739 3.069 3.67 
80 2.983 3.057 3.336 3.474 3.139 2.985 3.153 3.714 4.32 4.282 3.628 2.992 3.422 
85 2.88 2.92 3.124 3.157 2.781 2.594 2.743 3.309 3.985 4.068 3.496 2.897 3.163 
90 2.761 2.768 2.898 2.831 2.431 2.229 2.351 2.899 3.631 3.831 3.345 2.786 2.897 
 
From the table, we have to determine the tilt angle that gives the maximum annual average radiation, which 
would be 20o, and the irradiance would be 5.052 kWh/m2 (PSH). Now, we can calculate the PV power: 
PPV= EEC/PSH=103.268/5.052 
PPV=20.441 [kW] 
Again, from the table we can see that there are six months where the radiation is bigger than the annual one, which 
means more available energy from the sun, also more hydrogen production from the electrolyser. So, we have to 
calculate the excessive H2 in these months: 
For example April has 30 days with 5.707 PSH radiation, so the energy from the PV system is: 
EPV=20.441*5.707=116.657 [kWh] 
And the associated amount of H2 would be: 
PH2 = 1.047*10-8*(EPV*1000*3600/ VEC) 
PH2 =2.376 [Kg/day] 
So, the difference between the demand and production is 2.376 – 2.104= 0.273 kg, and by the end of the moth it 
would be 0.273*30=8.19 Kg and the same for each month. However, for the rest of the year the radiation's value is 
lower than the annual one, so there will be a shortage in H2 production that would be compensated by the stored 
hydrogen, the same steps in calculating the excessive hydrogen are used to calculate the lack.  
While to determine the amount of water produced by the FC system and consumed by the EC system, we can use 
Eq. (17)(30) respectively. Where in FC system the amount of produced water is: 
PH2O = 9.328*10-8*(P/ VFC)= 9.328*10-8*(1000/ 0.43)=2.169*10-4   [Kg/s] 
=2.169*10-4*3600*24=18.743 [kg/day] 
=6841.11 [kg/year] = 6.841 [m3/year] 
 
However, the amount of water needed by EC system is given as: 
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UH2O = ΣUH2O /day*n =6850.663 [kg/year] =6.850 [m3/year] 
So, the difference between the production and consumption is: 
H2Oneeded= 6.841- 6.850= 0.009 [m3/year]= 9 [litre/year] 
Accordingly, that the water produced from the FC system will cover the need of EC system. Table.5 gives water 
and hydrogen calculations among the year. 
Table. 5.  The result among the year 
PH2O 
[kg/day] 
PH2 – 2.104 
[kg/day] 
PH2 
[kg/day] 
EPV 
[kWh] 
PSH 
[h] 
Number of days 
n 
Month 
10.566 0.918-  1.186 58.195 2.847 31 January 
12.348 0.718-  1.386 68.027 3.328 28 February 
16.188 0.286-  1.817 86.811 4.365 31 March 
21.168 0.272 2.376 116.657 5.707 30 April 
23.698 0.556 2.66 130.577 6.388 31 May 
26 0.815 2.919 143.312 7.011 30 June 
26.45 0.865 2.969 145.765 7.131 31 July 
25.355 0.742 2.846 139.735 6.836 31 August 
22.557 0.428 2.532 124.302 6.081 30 September 
17.533 0.135-  1.968 96.625 4.727 31 October 
12.856 0.66-  1.443 70.848 3.466 30 November 
10.129 0.967-  1.137 55.824 2.731 31 December 
It is also obvious that the amount of stored H2 which equals 112.607 kg, enough to compensate the H2 lack 
which equals 111.426 kg. So, we need storage tanks that can store up to 112.607 kg of H2, and this is the capacity of 
the storage system. Now, we need to calculate the power to compress the hydrogen, by taking the biggest amount of 
H2 generated which would be during July month when the electrolyser produces 2.969 kg/day, so the energy needed 
to the compression would equals as from Eq. (34): 
Epress= 1.931* 2.969= 5.733 [kWh] 
and by considering that the compressor is connected to a PV system, then the power required is: 
Ppress= Epress/PSH= 5.733/7.131= 0.804 [kW] 
Ppress = 804 [W] 
So, the total PV system's power would be: 
PPV= 20.441+0.804= 21.245 [kW] 
7. Conclusion: 
A renewable fuel cell system was analyzed into four subsystems, each subsystem was modeled according to the 
mathematical equations that reflect its work.  And finally, a numerous example of an integrated system that can 
supply 1 kW electric load continuously was done, and these are the main results: First, each fuel cell should operate 
with voltage 0.43V to give its maximum power under 70 oC and 1 atm operational conditions, and the amount of 
hydrogen to ensure its work during the whole day was 2.104 Kg, while the size of the electrolyser connected to the 
PV modules was 20.441 kW, under the same operational conditions as fuel cells. The PV system should supply both 
the electrolyser and the compressor used to compress hydrogen till 238 atm, so the total PV system was about 
21.245 kW. From the other hand, the compressed hydrogen is stored in tanks with 112.607 Kg capacity, which is the 
amount of excessive hydrogen produced during the shiny days with solar irradiance bigger than the annual one, in 
Damascus city about 5.052 PSH, and this stored hydrogen would compensate the lake of production during days 
with smaller PSH.  
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Finally, although this system could work independently and continuously, it is still complex, expensive, and will 
not compete the available power plant unless its cost is reduced especially the cost of hydrogen production and 
storage. So, for now we recommend to use such a system as a backup system used to store excessive energy from a 
renewable source or even from the main grid as compressed hydrogen then use it when there is no enough power 
from the renewable source or during the grid peak load period, which would enhance the stable, and sustainable 
work of the whole supply system.  
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